Objective To assess the effectiveness of treatment for hepatitis C virus (HCV) infection in low-and middle-income countries and identify factors associated with successful outcomes.
Introduction
Hepatitis C virus (HCV) infection is a growing public health concern. Globally an estimated 180 million people, or roughly 3% of the world's population, are currently infected. 1 The burden of disease is greatest in developing countries: the highest reported prevalences are in China (3.2%), Egypt (22%) and Pakistan (4.8%). 2 In light of the above, the need to improve access to care and treatment for patients with a chronic HCV infection is receiving increasing attention. A recent report by the World Hepatitis Alliance revealed that 80% of 135 countries surveyed regarded hepatitis B or C virus infection as an urgent public health issue. 3 In 2010, the World Health Assembly adopted a resolution to "support or enable an integrated and cost-effective approach to the prevention, control and management of viral hepatitis considering the linkages with associated coinfection such as HIV". 4 Most of the disease burden associated with HCV infection results from the development of chronic liver disease, sometimes leading to end-stage liver disease (cirrhosis), and standardized mortality ratios for liver-related death are 16-to 46-fold higher in infected individuals than in the general population. [5] [6] [7] The complications of cirrhosis include liver failure, hepatocellular carcinoma and death. 8, 9 Approximately 20% of HCV-infected patients will experience complications. [10] [11] [12] Successful treatment can improve liver fibrosis and cirrhosis, help prevent hepatocellular carcinoma and even clear the virus. 13 Treatment can also contribute to disease prevention by reducing the reservoir of infected individuals who can transmit the virus.
Despite the benefits of treatment, there is reluctance to making it more widely available in resource-limited settings because of fears that treatment success rates will be low and because treatment is complex, costly and produces side-effects. 14 In addition, outcomes are often poor in patients coinfected with the human immunodeficiency virus (HIV). 15 We performed a systematic review and meta-analysis of reported treatment outcomes in HCV-infected patients in low-and middle-income countries. The aims were to assess the feasibility of providing treatment for HCV infection in less well-resourced settings and to identify factors associated with successful treatment outcomes.
Methods
The PubMed and Embase databases were searched for articles on observational studies that reported sustained virological response (SVR) rates in adult patients with chronic HCV infection and that were performed in a low-or middle-income country, as defined by the World Bank classification. 16 Both cohort studies and case series including 10 or more patients were considered for inclusion. An SVR was defined as the absence of detectable HCV in blood 24 weeks after the completion of antiviral therapy.
The databases were searched using a predefined protocol (Appendix A, available at:
http://www.msfaccess.org/sites/default/files/MSF_assets/HIV_AIDS/Docs/AIDS_Me dJourn_HCVtreatmentReview_ENG_2011.pdf) using the terms hepatitis C, HCV, treatment, therapy, interferon, sustained virological response and SVR. In addition, the bibliographies of relevant articles were reviewed. Preliminary searches were carried out independently by two of the study authors, who decided whether a publication was eligible for inclusion in the systematic review by evaluating its title using predefined criteria. If there was any uncertainty, all the study authors were consulted to reach a consensus on eligibility.
Because the aim of the systematic review was to describe the outcomes of HCV treatment administered within a clinical programme, we included observational cohort studies that reported treatment outcomes and excluded studies with an experimental design. We also excluded studies that reported outcomes in specific patient groups, such as patients with comorbid conditions, with prior treatment, or with known treatment resistance. However, because of concerns about HCV infection in HIV-infected individuals, studies on patients coinfected with HIV were included in the review.
Data extraction
Our primary outcome of interest was the SVR rate. Secondary outcomes included end-of-treatment responses, adverse events resulting in treatment interruption, modification or discontinuation, the proportion of patients lost to follow-up, and mortality. A patient was defined as having an end-of-treatment response if HCV ribonucleic acid was undetectable at the completion of treatment.
Each cohort was divided into categories in accordance with the following discrete clinical variables: (i) whether standard or pegylated interferon was administered, irrespective of the type of interferon; (ii) whether fixed-dose or weightadjusted ribavirin was administered; (iii) whether treatment lasted less than 24 weeks or longer; (iv) whether fewer than or more than 50% of patients in the study cohort were HIV-positive (HIV+); (v) whether fewer than or more than 50% of patients in the study cohort were infected with genotype 1 or 4 (these genotypes are associated with a poor response to treatment); and (vi) whether fewer than or more than 50% of patients in the study cohort had bridging fibrosis, an indicator of the extent of liver damage, at baseline. In addition, information was also sought on the presence of the interleukin-28B gene polymorphism, which is as an important determinant of treatment success.
The methodological quality of the studies included in the systematic review was assessed on the basis of the study design (i.e. retrospective or prospective), the reporting of disease status at baseline, the proportion of patients who completed treatment, the potential confounders taken into consideration and the proportion of patients that completed 6 months of follow-up. Finally, information on sources of funding were extracted to give an indication of the potential replicability of the treatment programme. Any uncertainty surrounding the data was resolved by contacting the study authors.
Statistical analysis
Point estimates and 95% confidence intervals (CIs) were derived for all outcomes.
The SVR rates were calculated on an intention-to-treat basis, with all patients who initiated therapy being included in the denominator of the calculation. The variance in the raw proportion was stabilized using a Freeman-Tukey-type arcsine square-root transformation 17 and these proportions were pooled using a DerSimonian-Laird random-effects model.
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The  2 statistic was calculated to assess the proportion of the overall variation that was attributable to between-study heterogeneity. 19, 20 Since pooling proportions can yield high rates of heterogeneity, we explored the potential influence of clinical and programmatic covariates that had been identified a priori through random-effects method-of-moments meta-regression 21 and univariate subgroup analyses. Subgroup analyses were used to assess the potential influence of the following covariates: treatment regimen, HIV status, HCV genotype, liver damage at baseline, level of economic development of the study region, geographical location of the study region and study design (i.e. prospective or retrospective). All reported Pvalues are two-sided and significance was set at P  0.05. All analyses were performed using Stata version 11 (StataCorp. LP, College Station, United States of America).
Results

Study characteristics
Our search found 1216 articles. After evaluation, 93 studies, which involved a total of 12 213 patients, met our inclusion criteria and were carried through to the metaanalysis ( Although the studies covered 17 countries, some were more frequently represented:
there were 19 studies from Brazil, 17 from Pakistan, 13 from Egypt, 12 from China and 10 from India.
Around half of the studies (i.e. 47 studies involving 6295 patients) included patients who were predominantly infected with HCV genotype 1 or 4. Ten studies failed to adequately report on viral genotype. Patients were treated with ribavirin and interferon in 86 studies, while interferon alone was given in 7 studies: pegylated interferon was administered in 52 and standard interferon was used in 44. The extent of liver damage at baseline was reported in 33 studies, together comprising 2407 patients. In addition, although 54 studies gave details of patients' HIV status, only 3, which included 105 patients in total, reported outcomes among HIV-infected individuals. Two studies included data on outcomes in patients with and without the interleukin-28B gene polymorphism.
We judged the quality of the studies included in the meta-analysis to be moderate. The majority (i.e. 65 studies) reported prospectively collected data, 72 detailed disease progression at baseline, 77 considered potential confounding factors and 89 stated that  80% of patients completed treatment.
Of the 29 studies that reported sources of funding, 18 were supported by national government funds, 4 received pharmaceutical industry funding, 1 was supported by an international research grant, 1 by a charitable grant and 5 stated that the study received no specific funding. A table summarizing each study's characteristics is available in Appendix B, at:
http://www.msfaccess.org/sites/default/files/MSF_assets/CAME/Access_Data_Study Characteristics_ENG_2012.pdf.
Study outcomes
Overall, 52% (95% CI: 48-56) of patients achieved an SVR. However, the betweenstudy heterogeneity in the SVR rate was high ( For studies in which patients were predominantly infected with HCV genotypes other than 1 or 4, the SVR rate ranged from 16% (95% CI: 10-24) 24 to 86% (95% CI: 77-93) 25 and the pooled proportion of these patients who achieved an SVR was 59% (95% CI: 54-64), which was significantly higher than among patients infected with HCV genotype 1 or 4 (P = 0.012). Since the treatment duration was found to be collinear with viral genotype, it was not considered in the analysis. (Table 1) . Although viral genotype and HIV status were still found to be significantly associated with the SVR rate on multivariate analysis, the other factors were not. Further, subgroup analyses showed that the best outcomes were achieved in studies in which patients were either predominantly HIV-negative (HIV), predominantly infected with an HCV genotype other than 1 or 4, or treated with ribavirin. The proportion of patients who achieved an SVR in the 20 studies that included patients with all three of these characteristics ranged from 45% (95% CI: 34-55) 70 to 78% (95% CI: 61-91) 71 and the pooled proportion was 65% (95% CI: [61] [62] [63] [64] [65] [66] [67] [68] . The presence of the interleukin-28B polymorphism was associated with a high SVR rate in the two studies which reported relevant data.
26,72
End-of-treatment responses were recorded in 49 studies. The pooled estimate of the proportion of patients who achieved an end-of-treatment response was higher:
(i) for those who were HIV than for those who were HIV+, at 74% versus 52%, respectively; (ii) for those who received ribavirin than for those who did not, at 69% versus 51%, respectively; and (iii) for those who received pegylated rather than standard interferon, at 73% versus 62%, respectively. Overall, 53% (95% CI: [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] of patients who achieved an end-of-treatment response went on to achieve an SVR.
This rate was significantly greater in patients who were treated with pegylated interferon (i.e. 57%; 95% CI: 52-63) than in those who received standard interferon (i.e. 47%; 95% CI: 38-56) and in those who were HIV (i.e. 59%; 95% CI: [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] than in those who were HIV+ (i.e. 35%; 95% CI: 30-40). However, neither viral genotype (P = 0.2), ribavirin treatment (P = 0.6) nor liver damage at baseline (P = 0.4) influenced the proportion that went on to achieve an SVR.
Adverse events that resulted in treatment interruption or dose modification were reported in 16 studies and were experienced by 17% (95%CI: 13-23) of patients in these studies. The drug regimen had no significant effect on the proportion of these adverse events. Adverse events that resulted in treatment termination were reported in 39 studies and were experienced by 4% of patients (95% CI: 3-5). These adverse events were significantly more common in patients who were taking weight-adjusted ribavirin than in those taking fixed-dose ribavirin (4% versus 2%, respectively; P < 0.0001). Table 2 (available at: Overall, 39 studies reported losses to follow-up. The rate was generally low and the pooled proportion of patients reported as lost to follow-up was 4% (95% CI: 3-4). In addition, mortality was also low: less than 1% (95% CI: 0.1-1) of patients were reported to have died during the observation period.
Discussion
Our systematic review found many reports of HCV treatment programmes in lowand middle-income countries involving substantial numbers of patients. They indicated that the programmes had been successful. Notably, most of the studies that gave information on funding sources reported funding from domestic public sources.
This observation is consistent with recent survey data indicating that partial or total government funding is available for hepatitis treatment in 69% of countries worldwide and in more than 50% of countries in all WHO regions except the WHO African Region. 3 We found that overall 52% of patients treated in low-and middleincome countries achieved an SVR, which is similar to the rate reported in highincome countries. For example, in developed countries, the average SVR rate observed in clinical trials of patients with HCV genotype 1 infections after 48 weeks of treatment with pegylated interferon and weight-adjusted ribavirin ranged from 45% to 48%, while it ranged from 22% to 31% after 24 weeks of treatment. 116 As found in other studies, the most important determinants of treatment success were infection with an HCV genotype other than 1 or 4, the absence of liver damage at baseline, an HIV status and treatment with pegylated interferon and ribavirin. 116 The geographical variations in outcomes we observed were probably due to a combination of these factors. Although, as expected, treatment with pegylated interferon and ribavirin was associated with better outcomes than treatment with other regimens, the use of weight-adjusted rather than fixed-dose ribavirin offered no observable advantage. Moreover, despite reports that HCV treatment is associated with significant side-effects, only 4% of patients included in our meta-analysis discontinued treatment because of adverse events. The observation that clinical rather than geographical factors were the most important determinants of treatment success suggests that good outcomes can be achieved with current regimens in resourcelimited settings and offers support to calls for better access to diagnosis and treatment in these settings. 117 We used a broad search strategy that attempted to capture evidence from many different settings. Consequently, we were able to compile a large meta-analytical data set that enabled us to assess the influence on treatment success of numerous patient, treatment and disease characteristics. However, the way in which studies reported information on potential determinants of treatment success was inconsistent and limited our ability to assess their relative contributions. For example, although we identified a substantial number of studies from countries with a relatively high burden of both HIV and HCV infection, only three reported outcomes among patients coinfected with the two viruses. In addition, few data were available on adherence to treatment, another important determinant of treatment success. The influence of the interleukin-28B gene polymorphism, which is also known to affect responses to treatment, was also poorly reported, probably because of limited resources. Future studies should report data on factors known to influence outcomes, particularly those in underrepresented regions, notably Africa, and in underrepresented populations, notably HIV+ patients and people who inject drugs.
Furthermore, the substantial heterogeneity in results we observed between studies limited the validity of this analysis, as it made it more difficult to determine the magnitude of the relative influence of individual factors on treatment success. In addition, we may have missed some studies because we searched a limited number of databases and our review excluded studies that reported outcomes in patients who were coinfected with a non-HIV agent that may have influenced treatment outcomes, such as the hepatitis B virus. Finally, our analysis was also limited by inconsistent reporting of secondary outcomes. Future studies should report rapid virological responses, end-of-treatment responses, adverse events and losses to follow-up. Data on rapid virological responses would help inform decisions on whether to shorten treatment. 114 Given these limitations, our review should not be taken as representative of all low-and middle-income countries. It does, however, illustrate the range of treatment outcomes that can be achieved in settings with limited resources.
With currently available regimens, the treatment success rate achievable in patients infected with an HCV genotype other than 1 and 4 is in line with or better than the success rate achieved with other chronic infections that cause substantial morbidity in resource-limited settings, such as multidrug-resistant tuberculosis. 118 However, currently the cost of treatment is a major barrier: a 48-week course of pegylated interferon and ribavirin costs as much in Thailand as in the United Kingdom (i.e. around 17 000 United States dollars). Treatment with recently approved protease inhibitors substantially improves success rates and these drugs are now the standard of care for patients with HCV genotype 1 infections in resource-rich settings, but they are even more expensive. 119 In a recent survey in low-income countries, four out of five ministries of health identified the need for financial assistance to increase access to treatment for viral hepatitis as a priority. Conference abstracts (78) Reviews (1) Non-cohort studies (6) Duplicates (11) High-income country (11) Paediatric studies (7) Acute HCV infection (2) Specially selected patient cohorts (8) Retreatment (14) No SVR reported (12) Studies included in the review and meta-analysis (93) HCV, hepatitis C virus; SVR, sustained virological response. Fig. 2 . Sustained virological response a rate in patients with a chronic hepatitis C virus infection in low-and middle-income countries, by treatment, disease, patient and study covariates CI, confidence interval; HIV, human immunodeficiency virus; HCV, hepatitis C virus; SVR, sustained virological response; WHO, World Health Organization. a A sustained virological response was defined as the absence of detectable hepatitis C virus (HCV) in blood 24 weeks after the completion of antiviral therapy.
b P-values were derived using the  2 test for the difference between reference and comparison groups.
c The Tau-squared ( 2 ) statistic indicates the degree to which the overall variation in the sustained virological response rate was attributable to between-study heterogeneity. d The level of economic development of the study country was categorized using the World Bank classification. 16 
